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ABSTRACT

Correlated sgueezed states for a quantum oscillator
acted by very short in time pulses modeled by special
dependence on time of frequency of oscillator in the form
of sequence of three delta-kickings of frequency are
constructed based on the method of quantum integrals of
motion. Alsoc Lthe correlation coefficient and quantum
variances of operators of coordinate and momenta are
writien in expliciv form.

The aim of the paper is to discuss the squeezing phenomenon
and correlations in the system of quantum parametric oscillator
with special dependence on time of frequency of oscilllator. We
conslder the case when oscillator is acted by very short in time
pulses. This dependence on time we will model by &8-kickings of
frequency. In Lhis paper we will consider the case of sequence of
three &-vickings of frequency. The cases of one and two &8-kickings
of frequency were considered in {11, Short pulses in the form of
8-kicking were discussed briefly in the case of two-mode squeezing
t2} and for the chain of quantum oscillators [3].

Let us consider the quantum parametric oscillator which is
acted by very short in time pulses. We are modeling this action by
the special deperdence on time of frequency of osciliator. We will
use the model of &8-kickings of frequency.

Let the Tirst kick be at initial moment of time t,=0, the
second one in the moment t,=t. and the third one at t =2T.

The Hamiitonian of the system is of the form

A=p%en + m?rt3322 (1)
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where q is coordinate operator p is momentum operator, m is the
mazs and (i) is time-dependent frequency. We choose the following

dependence on time of oscillator frequency
3

WP(L)=02- 2) x8(t-t ). (2

n=1
The equations of motion corresponding to Hamiltonian (1) are of

the form

g + (w - 2k8(t) - 2x3(t-1) - 2xd(t-212)q =0 (3
Following tha usual scheme [41 one can construct integral of
mot ion for the Hamiltonian (1)

L pe qe }

Ay = - {—— - (4)
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where funrtlon £ is the solutlon of equation of motion (3). Tf
finct 1un € Datlﬁfy additional condition

ge*- £ = 210,.
the integral of motlon (4) and its hermitian conjugate satisfy
hoson commulation relations. The ground state of the system can he
found {rom Lhe condition

ALY (q.t) =0
and has the form

.. 2
: £ —1/2 L€
¥ (q.t) = 14— exp{— i } (5)

W 2e (h/mw)
The coherent states of the system can be found as eigenfunctions
of the integral of motion ACt)
ACLY ¥, (q.t) = a,(q.13,
where a is complex number and has the form

|2 Y2 ag o€
wa(q,t)=w°(q.t)exp{— - + ~ - e }. 43D
) evh 3 )
One can see that ground and co%erert states are Gaussian
wavepackets with time-dependent coelfici ents in quadratic Torm

under exponent.ial funclion,
In order to write integral of motion in explicil form one has
to solve equations (2 for the function € in the case of sequencs
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of three 8-kicks of frequencies (2). For the function &(t) one can
write following solutions

e (L) = A ettt 4 B e 19l | (<0,

o . o _.
e, (1) = Ael%t + Be %t | octct,, -
£,(1) = At + Be %l |t ctct, ’
(1) = Ajet%bt + Be it | Uit

So, one has four regions of changing the function &(t). At three
points of time t,, t,. t  we have following conditions for

functions £

2)

et(tt) - ct—l(ti) = 2K 81-1(t£)‘

From this conditions one can find the conditions for coefficients
A; and B;. Taking in the initial moment of time the wave with A =1
and B =0 one has the solutions for e-function after &-kickings

g = et%t | 10, (8)
£, (L) = (1-ikw) et%l + teme %t | octer, (9
| x2 . )
£,(1) = [(1—ik/w°)2+ _ e'zw'ot]ew'ot + [(tn/wo)(1+tx/wg)
(1)
0
+ (m./wont1—1'x/w°3e”“’o‘]e‘“"ot i<z, (10

g (L) = [(1—1n/w°)<12- De7I0T - 2e721%,T] o10t
1.4
2
+ (_0: (1 + x%e

NOT Oy sop (11)

oK
orge =/ R :
where % Ecosw;t + o, Sinw T.
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If before d-kickings the system was in coherent states then
after the sequence of &-kickings of frequency the oscillator will
be in correlated squeezed state determined by formulae (8) with
function &€ given by formulae (11). In order to have explicit
expression for these states in another periods of time one has to
put in formulae (B) the explicit expression for € function in this
period of time given by formulae (7).

The disperssion of coordinate after sequence of &-kickings
will be equal to '

0, =Yy |0 |¢> W |q|$>2—{l +—c;c2 -13%in%e (L-21) +

+ ZL[Z 1] qm2w (t-21) + — x[xz I]Sln(awt 5w ).

W W
] o

The correlation between coordinate and momenta in this state is
not equal to zero and is of the form

1 AN AN ~ ~ h r

9™ 5 ValdP+Paly U |91y Uy 1P 1> == L~

4x? 2K 2
¢ = (P-Dsinfe(t-20) + —(2%-1] sin2e (t-20) +

w W

-] 0

2 21 |si il 2-1)2c0s2w_(L-2T)
+ ;; ZEZ-ﬂ]Sln(Zggt—Bwbt)]e[l + ;E (x“-1)%cos w, T

ix [x 1] sin2w (t-21) + ;— z[f 1]smr2wt 5 r)] - 1}1/2
]

So one has statistical dependence of operators of coordinates and
momentum after series of 8-kickings and in some periadc of +imn
the disperssion of cooidiiate 15 less Lhen before d-kickings. So
we have two phenomena due to seria of short in time pulses acted
on oscillator: squeezing phenomenon and phenomenon of statiztical
dependence of operators of coordinates and momenta.
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